Studies were carried out on the effect of artemisinin alone and with folic acid on total cholesterol, triacylglycerol and lipoprotein fractions in the serum of male Wistar rats. Different groups of rats (n=8) were orally given 0.75, 1.50, 3.00 and 6.00 mg/kg body weight of artemisinin, respectively. Each of these groups also was orally administered 1.50 mg/kg of folic acid concurrently. Analyses of results showed a significant (P<0.05) increase in the level of total cholesterol in the serum from 2.479 ± 0.25 to 3.964 ± 0.21 mmole/L. In contrast, triacylglycerol level decreased simultaneously from 0.75 ± 0.11 to 0.414 ± 0.04 mmole/L. The ratio of the Low Density Lipoprotein to High Density Lipoprotein reversed from 1:2 to 2:1. These results suggest that folic acid offers complete relief to lipid disorders associated with low doses of artemisinin but partial relief to the same disorder caused by high doses of the drug.
INTRODUCTION
Malaria is caused by Plasmodium species. Despite increasing research and control efforts, malaria still remains a major health problem. It is the most important vector borne disease (Curtis, 1993) . Between 300 and 500 million people experience clinical episodes and 1.4 to 2.6 million deaths occur yearly with about 90% mortality associated with tropical Africa and south-east Asia where the disease is very prevalent (WHO, 1993; Coker et al., 2001) . These regions of the world are characterized by optimum conditions of temperature, heavy rainfall and dense vegetation which promote the survival of the Plasmodium species (Curtis, 1993) .
Chloroquine is the cheapest and the most widely available first line drug. The spread and intensity of resistance by the malarial parasite to chloroquine and other antimalarials such as mefloquine, including combination drugs (Molta et al., 1994; Olliaro and Trigg, 1995; Sowunmi et al., 1996) necessitated the search for new drugs. This effort led to the choice of Artesunate which is obtained from the plant Artemisia annua (Woedenbag et al., 1994) and from which the antimalaria principle (Artemisinin) was discovered in 1971 (Liy and Wu, 1998) .
Artemisinin works by destroying the cell membrane of the parasite, slowing down protein synthesis, disorganizing the ribosome, dilating the nuclear envelope and disintegrating the food vacuoles. In the mosquito life cycle, it inhibits the development of the trophozoites, kills the schizont of the parasite and prevents progression of the disease (Meshnik, 1996) . It is considered as an effective alternative drug for falciparum malaria (Karbwang et al., 1994; Baradell et al., 1995) .
Earlier work by Udobre et al. (2009) showed that folic acid alleviated the effect of artemisinin on some enzyme levels when they were co-administered. This study was undertaken to determine the effect of artemisinin on lipid profile and whether folic acid could reverse this effect.
MATERIALS AND METHODS

Animals
Adult Wistar rats weighing between 150 and 180 g were used. They were fed with grower's marsh (Vital Feeds Limited, Lagos) and water ad libitum and kept in the Animal House of the Faculty of Pharmacy, University of Uyo, under standard laboratory conditions.
Drugs/Chemicals
Artemisinin (manufactured by Mekopharm Chemical company, Vietnam but purchased in Uyo), Folic Acid (Unique Pharmaceuticals, Lagos, Nigeria) and freshly prepared 0.9% w/v normal saline.
Administration of drugs/chemical on the animals
Seventy-two overnight fasted rats were divided into nine equal groups (each containing 8 rats). The drugs were administered orally to the rats once daily for five days as shown below (Udobre et al., 2009 ): Group A received 0.75 mg/kg artemisinin only. Group B received 0.75 mg/kg artemisinin and 1.50 mg/kg folic acid. Group C received 1.50 mg/kg artemisinin only Group D received 1.50 mg/kg artemisinin and 1.50 mg/kg folic acid Group E received 3.00 mg/kg artemisinin only. Group F received 3.00 mg/kg artemisinin and 1.50 mg/kg folic acid. Group G received 6.00 mg/kg artemisinin only. Group H received 6.00 mg/kg artemisinin and 1.50 mg/kg folic acid. Group I received saline water only (control).
Collection of blood and preparation of serum
Overnight fasted rats were sacrificed on the 6 th day and blood collected by cardiac puncture. The serum was prepared from clotted blood by gently decanting the liquid part from the cells into iron-free centrifuge tubes and the tubes were spun at 10,000 rpm for 5 minutes in a centrifuge (MSE England). The serum was then decanted into another set of clean tubes and stored at 10 0 C for a period not exceeding 24 hours (Udobre et al., 2009 ).
Estimation of total cholesterol and HDLcholesterol
The serum samples obtained from the blood of the sacrificed animals were analysed. Total cholesterol (TC) and HDL-cholesterol were estimated using cholesterol enzymatic colometric CHOD-PAD method (Richmond, 1973) . The absorbance of the test solution was measured using a UV-Vis NIR Spectrophometer, U.S.A, Model 6/20A, at a wavelength of 500 nm and a temperature of 37 0 C. Triacylglycerol (TG) in the serum sample was estimated by GPO-PAP method (Trinder, 1996) at 540 nm and 37 0 C. Very Low Density Lipoprotein (VLDL)-and Low Density Lipoprotein (LDL)-Cholesterol were estimated as follows ( Friedelwald et al., 1972) : VLDL = TG ÷ 2.2 LDL = TC -(HDL + VLDL).
Statistical analysis
The data obtained were expressed as the mean ± standard deviation. Student's t -test was used for the analysis of the level of significance and P<0.05 was taken to be statistically significant. 
RESULTS AND DISCUSSION Total cholesterol
All the doses of artemisinin increased the concentration of total cholesterol in a dose dependent manner. Concomitant administration of artemisinin with folic acid mitigated this effect but did not bring the concentration of total cholesterol to the control level of 2.479 (Table 1) .
Triglycerides
1.5, 3.0 and 6.0 mg/kg of artemisinin significantly reduced the concentration of triglycerides from 0.725 to 0.508, 0.473 and 0.414 mmole/L, respectively. But 0.750 mg/kg artemisinin did not affect the concentration of triglycerides. Concurrent administration of artemisinin and 1.50 mg/kg folic acid did not affect the concentration of triglycerides at any of the dose levels of artemisinin (Table 1) .
LDL-cholesterol
Administration of artemisinin alone increased the concentration of LDL in a dose dependent manner. This increase was reversed by folic acid. At a low dose (0.75 mg/kg) of artemisinin, folic acid reversed the elevation of LDL to control level.
HDL-cholesterol
Only the low dose of artemisinin (0.75 mg/kg) elevated the concentration of HDL. This elevation was reversed by folic acid to control level.
VLDL-cholesterol
Concentration of VLDL was significantly reduced only at a high dose of artemisinin (6.00mg/kg). Low doses of artemisinin (0.75 and 1.50 mg/kg) did not alter LDL/HDL ratio, but high doses of artemisinin (3.00 and 6.00 mg/kg) reversed the ratio. This reversal was not observed when folic acid was co-administered with artemisinin (Table 1) .
Hypercholesterolemia is a risk factor for cardiovascular diseases such as atherosclerosis and myocardial infarction, which is a common cause of mortality and morbidity. Blood levels of LDL-and HDLcholesterol are strong predictors of cardiovascular disease. High levels of cholesterol, particularly LDL-cholesterol, are mainly responsible for hypercholesterolemia. HDL-cholesterol is known to have antiatherogenic properties, while LDL-cholesterol constitute the primary carriers of plasma cholesterol which build up in the walls of the arteries, thereby causing atherosclerosis (Rang et al., 1995) . Patients with arterial disease can have elevated VLDL or LDL or both (Murray, 1990) . It can be deduced that the dose level of 6.00 mg/kg of artemisinin may have induced arterial disease in the rats under study. This is supported by the elevated values of TC, VLDL and LDL (Table 1) .
The results of this study indicated that the administration of high dose 6.00 mg/kg of artemisinin to Wistar rats caused a significant (P< 0.05) increase in total cholesterol from 2.479 to 3.964 mmole/L and a simultaneous decrease in triacylglycerol from 0.725 to 0.414 mmole/L (Table 1) . There was also an increase in Low Density Lipoprotein (LDL) from 0.749 to 2.439 mmole/L and a simultaneous decrease in High Density Lipoprotein (HDL) from 1.406 to 1.334 mmole/L (Table 1) .
Also the decrease in HDL may have caused a reduction in the rate of transportation of free cholesterol and cholesterylester from tissues to the liver where it is converted to bile acid (Murray, 1990; George, 2005) .
Body cells extract cholesterol from the blood by means of receptors on their surfaces. These receptors bind with the LDL particles (and their attached cholesterol) and draw them from the blood into the cell. When more LDL particles are captured by the receptors of the body cells, the formation of more receptors on that cell's surface is inhibited, thus lowering its future intake of cholesterol. Fewer receptors on the body cells means that less cholesterol is ingested by the cells and that more remains in the blood stream, thus increasing the risk of cholesterol (LDL) accumulating in the internal walls of the blood vessels (Encyclopedia Britannica, 2010) . This is a possible explanation for the reversal of the LDL: HDL ratio from 1:2 to 2:1.This implies that the dose level of 6.00 mg/kg body weight artemisinin may have caused accumulation of LDL on the receptors of the body cells thus inhibiting the formation of more body cell receptors by feed back mechanism.
The results in Table 1 also indicated that folic acid gave a complete relief to the lipid disorder associated with lower dose of artemisinin, but a partial relief to the same disorder associated with higher doses of the drug. This result is in tandem with the findings of Udobre et al. (2009) that folic acid offered complete relief to metabolic disorders at low dose while the relief was partial at high concentrations. Adebayo et al. (2010) reported that artesunate reduced total cholesterol and HDLcholesterol concentration in serum, amodiaquine on the other hand reduced serum total cholesterol while reducing serum LDLcholesterol. Co -administration of artesunate and amodiaquine reduced total cholesterol and HDL-cholesterol and atherogenic index. Similarly, Obianime et al. (2009) also reported that total cholesterol was significantly reduced by co-administration if artesunate and amodiaquine. The result of the present study was the reverse of these reports.
The result of this study indicates that administration of high dose (6.0 mg/kg) of artemisinin to male Wistar rats caused a significant (P<0.05) increase in total cholesterol, a simultaneous decrease in triacylglycerol in the serum and a reversal of the LDL: HDL ratio from 1:2 to 2:1. Coadministration of the drug with folic acid is recommended to alleviate these effects.
